Background: Neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR) and modified Glasgow prognostic score (mGPS) are useful prognostic markers based on host-related systemic inflammatory response. They have been shown as independent prognostic biomarkers in various cancers, including non-small cell lung cancer. However, there has been little evidence for a specific population of pulmonary adenocarcinoma without active epidermal growth factor receptor (EGFR) mutation.
Introduction
Adenocarcinoma has been the most common histology of nonsmall cell lung cancer (NSCLC). Globally, the incidence rates of this histological subtype in men have started to stabilize during the mid-1980s in some countries and regions, but those in women steadily continue to increase [1, 2] . In Japan, the incidence rates of adenocarcinoma have continuously increased regardless of sex [3] . In clinical practice, adenocarcinoma is categorized into two genetic subsets by driver mutations such as epidermal growth factor receptor (EGFR) mutation and anaplastic lymphoma kinase (ALK) rearrangement. Approximately 50% and 3% of Asian patients with adenocarcinoma have activated EGFR mutation and ALK rearrangement, respectively [4, 5] . Treatment strategy is remarkably different according to these genetic subsets. For patients with adenocarcinoma harboring a driver mutation, suitable tyrosine kinase inhibitor (TKI) is prioritized in terms of efficacy and toxicity. On the other hand, for adenocarcinoma without any driver mutations, conventional cytotoxic chemotherapy or immune check-point inhibitor (ICI) is considered.
Host-related systemic inflammatory response (SIR) is one of the most important factors contributing to development and progression of tumors [6] [7] [8] . There have been remarkably increasing studies that demonstrated the prognostic value of various SIR-based scoring systems. These studies adopted markers of the inflammatory response such as C-reactive protein (CRP) level, neutrophil, lymphocyte and monocyte counts.
Especially, neutrophil to lymphocyte ratio (NLR) and lymphocyte to monocyte ratio (LMR) are easily calculated from venous circulating leukocyte count and differentiation. On the other hand, modified Glasgow prognostic score (mGPS) is categorized into three classes based on CRP and serum albumin concentration, and represents not only SIR status but also nutritional status. In various cancers, including advanced NSCLC, higher NLR [9] [10] [11] , lower LMR [12, 13] and Glasgow prognostic score (GPS) class 2 [14] [15] [16] [17] are associated with poorer prognosis. However, little has been known about these three prognostic tools for a specific genetic subset of adenocarcinoma with wild-type EGFR.
In this study, we evaluated the prognostic value of NLR, LMR, mGPS and combination of these three prognostic tools in patients with pulmonary adenocarcinoma with wild-type EGFR.
Methods

Patient selection and study design
This was a retrospective and single institutional study. We enrolled the patients who met all the following criteria: 1) patients who initiated cytotoxic chemotherapy between July 2007 and March 2017, 2) histologically or cytologically diagnosed adenocarcinoma, 3) the peptide nucleic acid-locked nucleic acid PCR clamp method performed by LSI Medience Cooperation (Tokyo, Japan) [18] confirmed wild-type EGFR mutation status, 4) immunohistochemically negative or unknown ALK rearrangement, 5) c-stage IIIB or IV according to the 7th TNM classification of lung cancer by the Union for International Cancer Control (UICC) [19] , and 6) available blood sample within 1 week of the first day of the first-line chemotherapy. In December 2016, Japanese medical insurance approved the first-line pembrolizumab for NSCLC with tumor proportion score of PD-L1 expression ≥ 50%. Our hospital began to adopt pembrolizumab in March 2017. Clinical data we obtained from the medical records included age, sex, pathological features, laboratory data, clinical course, and treatment and efficacy. The albumin concentration, CRP, absolute counts of neutrophil, lymphocyte and monocyte were collected using routine blood tests. Creatinine clearance (Ccr) was calculated based on Cockcroft-Gault equation with addition of 0.2 mg/dL on serum creatinine values measured by the enzymatic method [20] . The NLR and LMR were calculated by dividing the pretreatment venous absolute circulating neutrophil count by the lymphocyte count, and the venous absolute circulating lymphocyte count by the monocyte count, respectively. The mGPS was formed by combination of elevated CRP and hypoalbuminemia [21] . Briefly, patients with elevated CRP (> Alb (g/dL) 3.6 ± 0. lymphocyte to monocyte ratio; Lym: lymphocyte; Mono: monocyte; mGPS: modified Glasgow prognostic score; Neu: neutrophil; NLR: neutrophil to lymphocyte ratio; SD: standard deviation.
1.0 mg/dL) and hypoalbuminemia (< 3.5 g/dL), patients with only elevated CRP (> 1.0 mg/dL), and patients with CRP < 1.0 mg/dL with or without hypoalbuminemia were categorized as mGPS of 2, 1 and 0, respectively. The response rate (RR), disease control rate (DCR), progression-free survival (PFS) and overall survival (OS) were followed as those of our previous studies [22, 23] . The data cut-off was November 30, 2017. The Osaka Police Hospital Ethics Committee approved this study. Considering the characteristic of anonymous and retrospective data, the written informed consents were waived in this study.
Data analysis
The continuous, categorical and survival data were described as the mean ± standard deviation (SD), frequency, and median (95% confidential intervals (CIs)), respectively. Fisher's exact test and Mann-Whitney U test were used in order to compare the relative frequencies and continuous variables, respectively. LMR
Spearman's rank-order was used to test correlation between non-parametric data of NLR and LMR. The optimal cutoff values of NLR and LMR were determined using a Bio-statistical tool Cutoff Finder, a web-based R software (http://molpath.charite.de/cutoff/) [24] . We divided our patients into two groups according to NLR, LMR and mGPS. Kaplan-Meier method and log-rank test were adopted to evaluate PFS and OS, and compare survival times of two or three groups, respectively. For the multiple comparisons, P-values were corrected using the Bonferroni method. Cox proportional hazard analyses investigated independent prognostic factors, and expressed the results as hazard ratios (HRs) and 95% CI. The variables with P-value < 0.1 in the preceding univariate analysis proceeded into the following multivariate analysis. All P-values were two-sided and P-value < 0.05 was considered statistically significant. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [25] .
Results
We enrolled 159 patients into this study. As of the data cut-off, 120 patients were dead. Among them, 96, 13 and 11 patients died at our hospital, at home and at other medical institutions, respectively. Thirteen were lost to follow-up after transfer to other medical institutions. Two were missing. Twenty-four were still alive. Except for one patient, all patients discontinued the first-line chemotherapy, because of PD in 83, adverse effects in 27, deteriorated comorbidity or general condition in 22, completion of pre-defined courses in 18 and patients' refusal in eight. Table 1 shows backgrounds and laboratory data of 159 patients at the start of the first-line chemotherapy. By means of immunohistochemistry, 86 patients (54%) were tested for ALK rearrangement. As a result, none of them had positive ALK rearrangement. There was a significant inverse correlation between NLR and LMR (r = -0.71, P < 0.01). Table 2 presents treatment and efficacy. The Cutoff Finder found 4.05 and 1.97 as the optimum cut-off points for NLR and LMR when assessing OS (Fig. 1) , and divided 159 patients into higher and lower groups. The OS of 159 patients was median 15.0 months (95% CI 11.4 -18.2 months).
As favorable prognostic factors for OS, univariate Cox hazard analysis detected Eastern Cooperative Oncology Group performance status (ECOG PS) 0 -1 (HR 4.77, 95% CI: 3.07 -7.40; P < 0.01), higher sodium concentration (/10 mEq/L) (HR 0.61, 95% CI: 0.42 -0.90; P = 0.01), NLR < 4.05 (HR 2.17, 95% CI: 1.50 -3.13; P < 0.01), LMR ≥ 1.97 (HR 0.22, 95% CI: 0.14 -0.36; P < 0.01) and mGPS 0 -1 (HR 2.60, 95% CI: 1.73 -3.90; P < 0.01). The subsequent multivariate analysis detected ECOG PS 0 -1 (HR 3.43, 95% CI: 2.12 -5.53; P < 0.01), LMR ≥ 1.97 (HR 0.39, 95% CI: 0.21 -0.72; P < 0.01) and mGPS 0 -1 (HR 1.95, 95% CI: 1.20 -3.16; P < 0.01) ( Table 3) .
Both high LMR group (LMR ≥ 1.97) and mGPS 0 -1 group included more patients with ECOG PS 0 -1, higher BMI, lower neutrophil count, higher lymphocyte count, lower monocyte count, lower NLR, higher LMR, higher sodium concentration, lower ALP, higher albumin and lower CRP level ( Table 1) . The RR and DCR were higher in high LMR and mGPS 0 -1 groups than in low LMR and mGPS 2 groups, respectively. High LMR and mGPS 0 -1 groups were more likely to receive second or further chemotherapy. PFS and OS Minami et al World J Oncol. 2018;9(1): [13] [14] [15] [16] [17] [18] [19] [20] of high LMR and mGPS 0 -1 groups were significantly longer than those of low LMR and mGPS 2 groups, respectively (Table 2 and Fig. 2) . We divided 159 patients into three groups, both LMR ≥ 1.97 and mGPS 0 -1, either LMR < 1.97 or mGPS 2, and both LMR < 1.97 and mGPS 2. The OS of both LMR < 1.97 and mGPS 2 was significantly shorter than the other two groups (Fig. 3) . After adjustment for age, sex, ECOG PS, sodium, LMR and mGPS for Lung Adenocarcinoma World J Oncol. 2018;9(1): [13] [14] [15] [16] [17] [18] [19] [20] ALP and NLR, multivariate analysis found both LMR < 1.97 and mGPS 2 as a poorer prognostic combination than both LMR ≥ 1.97 and mGPS 0 -1 (Table 4) .
Discussion
This study focused on a histologically and genetically specific subset of NSCLC, adenocarcinoma with wild-type EGFR. This was the first study that demonstrated both LMR and mGPS as useful prognostic markers for the specific subset of NSCLC.
We also showed that combination of LMR and mGPS selected patients with poor prognosis. Our multivariate Cox hazard analysis and comparisons of OS according to LMR and mGPS showed these two markers as independent prognostic factors for OS of those selected population. In this study, NLR was not an independent prognostic factor for OS of adenocarcinoma with wild-type EGFR. This result was contrary to that of our previous study, in which it was not LMR, but NLR that had been selected as an independent factor for OS of NSCLC harboring positive EGFR mutation [26] . Our two studies were different in the patient cohorts, genetic backgrounds and chemotherapeutic regimens. LMR has been demonstrated as a prognostic factor for OS and PFS of advanced stage patients with non-specific NSCLC [13, 27] and NSCLC with positive EGFR mutation [28] (Table 5 [13, [26] [27] [28] ). On the other hand, six studies showed GPS as a prognostic factor for advanced stage of non-specific NSCLC [15, 16, [29] [30] [31] [32] . In contrast, Zhu et al failed to detect mGPS as a significant prognostic factor for OS and PFS, and developed a new SIR-based prognostic score consisting of CRP, lactate dehydrogenase (LDH) and cancer antigen125 [33] (Table 6 ) [16, [29] [30] [31] [32] [33] [34] . In our previous study, we did not collect pretreatment data of serum albumin concentration, and not analyze mGPS in patients with positive EGFR mutation [26] . To our knowledge, there was no study that had shown mGPS as a prognostic factor in these selected patients harboring driver mutation. The optimal biomarkers may vary according to tumor subtypes.
Combination of LMR and mGPS was useful to select patients with poorer prognosis. Combination of some prognostic tools potentially stratifies patients according to their predictable prognosis. Our multivariate analysis and comparisons of survival curves demonstrated that patients with LMR < 1.97 + mGPS 2 had the worst prognosis. We oncologists should reconsider systemic chemotherapy for these selected population.
There were some limitations in this study. First, our study was so small that some other biomarkers, especially NLR, might be overlooked as significant prognostic factors. Second, our single-centered and retrospective study might include case bias.
Conclusion
LMR and mGPS are independent prognostic markers for pulmonary adenocarcinoma with wild-type EGFR. Combination of LMR and mGPS can stratify patients according to prognosis. 
